Chronic cough is a condition that impairs the quality of life of affected patients and may persist despite optimal intervention. Thus, a novel therapeutic approach with broad clinical utility based on the nature of the cough reflex is required.
estimated urge-to-cough scores and tussive agent concentration are known to have a linear relationship on a log-log scale, the slope and intersection were determined by linear regression analysis. During visits 4 and 5, to confirm the effect on the urge to cough using a handheld fan under similar citric acid inhalation conditions, moderate stimulus intensity (M1) was defined as the minimum citric acid concentration that caused an urge to cough with a rating of ⩾6 according to the baseline cough reflex challenge. Furthermore, M2 (M1/2), M3 (M2/2) and M4 (M3/2) were defined for each participant.
During visits 2 and 3, the cough reflex challenges were performed in the handheld fan and control conditions, assigned in a randomised crossover manner on different days. The area of the face innervated by the second and third trigeminal nerve branches was set as the target for blowing air by handheld fan (YGH365B; Best-Fire, China) which was positioned 5 cm away from the face. In the control condition, the target was set on the back of the hand. The handheld fan was used only during the cough challenge. The size of the handheld fan used for the study was 85 g (15×4×7 cm), and it had three soft rotor blades and an unfoldable rotor unit. Furthermore, subjects received an information leaflet with explanations and instructions regarding handheld fan use.
During visits 4 and 5, the effect of the handheld fan on the urge to cough was examined using the M1-4 concentrations previously defined in the baseline cough reflex challenge during visit 1. The magnitude of the urge to cough during 15-s inhalations of M1-4 concentrations was evaluated under control or handheld fan conditions. All participants provided written informed consent and the study was approved by the Institutional Ethics Review Board of Himeji Dokkyo University (Himedokusei 17-07). This study was registered with the University Hospital Medical Information Network (UMIN) in Japan (study identifier: UMIN-CTR; UMIN000030478).
All participants completed the experiments without any difficulty or side-effects and described a cooling sensation on the face during the handheld fan condition. The cough reflex thresholds, expressed as logC 2 and logC 5 , were significantly higher in the handheld fan condition (logC 2 1.65±0.42 g·L −1 and logC 5 1.97±0.35 g·L −1 ) than in the control condition (logC 2 1.22±0.42 g·L −1 and logC 5 1.62±0.40 g·L −1 ) ( p<0.001 and p<0.01, respectively) ( figure 1) .
The log-log slope and intersection between the citric acid concentration and the urge-to-cough scores using the modified Borg scale were estimated for each subject. The log-log slope for the urge to cough was significantly lower in the handheld fan condition (0.46±0.19 point·g·L −1 ) than in the control condition (0.72±0.30 point·g·L −1 ) ( p<0.003). However, no significant difference in the log of the urge-to-cough threshold was observed between the control and handheld fan conditions (data not shown). In the present study, the urge to cough evoked by citric acid inhalation revealed a significant association between the control and handheld fan conditions and M1-4 concentrations. The urge to cough evoked by citric acid from M1 to M2 was significantly lower in the handheld fan condition than in the control condition ( p<0.001 and p<0.001, respectively).
To our knowledge, this was the first study to show that using a handheld fan to blow air onto the face alleviates the cough reflex threshold and citric acid-induced urge to cough. Furthermore, no significant changes were observed between control and handheld fan conditions in terms of the threshold and urgeto-cough scores at modestly low-dose citric acid challenges (M3-4).
Recent studies have demonstrated that vagal afferent cough inputs from the larynx travel via the jugular ganglia to the paratrigeminal nucleus, which is connected to the medullary and pontine trigeminal nuclei, the ventrobasal thalamus and the submedius thalamic nuclei in guinea pigs [6] . In addition, selected delivery of cold airflow or menthol vapour to the nose has been reported to suppress citric acid-induced cough in anaesthetised guinea pigs [3] and alleviate dyspnoea in humans [7] ; these studies suggest a role of trigeminal nasal afferent neurons in antitussive effects [3] . Thus, the effect of a cooling sensation on the face, induced by a handheld fan, on cough and the urge to cough can result from afferent stimulation of the trigeminal nerves.
A major limitation of the study was that the lack of data on temperatures of the facial skin during the fan blow prevented us from investigating whether the skin of the face actually cooled down during fan treatment or if it was due to the tactile sensation on the facial skin of the airflow.
The nature of the cough reflex in humans, which can be modified by facial cooling by a handheld fan, may be applied as a novel technique to ameliorate chronic cough. However, we only studied healthy volunteers using an experimental cough model; thus, further studies are required to determine the effectiveness of handheld fans in patients with chronic refractory cough. 2 1 Dept of Physical Therapy, Faculty of Health Care Sciences, Himeji Dokkyo University, Himeji, Japan.
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